I. Tyrosine transaminase (L-tyrosine : 2-oxoglutarate aminotransferase, EC 2.6.1.5) activity was lost rapidly in fresh rat-liver homogenates (pH 6.9), that were incubated at 38". The inactivation was paralleled by the loss of the coenzyme but was not reversed by the subsequent addition of pyridoxal 5-phosphate.
INTRODUCTION
Various conjugated steroids1p2 and carboxylic acids3 inhibit the kynurenine transaminase (EC 2.6.1.7) of rat kidney. This action of the conjugated steroids was attributable to their interference with the association of pyridoxal 5-phosphate with the apoenzymez; the carboxylic acids, on the other hand, inhibited by competition with the substratess. The conjugated steroids retarded the inactivation of the apoenzyme that occurred during incubation at 37' and also prevented the rapid inactivation catalyzed by chymotrypsin (EC 3.4.4.5) (ref 2). More recently4, they were also found to retard the dissociation of pyridoxal 5-phosphate from the holoenzyme in freshly-prepared homogenates. Conjugated steroids and carboxylic acids also influence the activity and stability of other pyridoxal 5-phosphate enzymes. JENKINS, YPHANTIS AND SIZERS reported that variousdicarboxylic acids inhibit aspartate aminotransferase (EC 2.6.1.1) and protect it from heat inactivation.
Other authors have reported that preparations of this enzyme from placentas and from heart muscle71s are strongly inhibited by conjugated steroids. Preliminary tests of other pyridoxal 5-phosphate enzymes indicate that they are also inhibited by conjugated steroids and that diethylstilbestrol disulfate also retards the dissociation of pyridoxal 5-phosphate from rabbit-liver serine transhydroxymethylase (EC 2.1.2.1) and from rat-liver tyrosine transaminase (L-tyrosine:2-oxoglutarate aminotransferase, EC 2.6.1.5) (ref. 4 ). In the earlier work with kynurenine transaminase2, it was suggested that the interaction of the conjugated steroids with pyridoxal s-phosphate enzymes might also occur in viva and thereby alter metabolic activity. More recently9 we have shown that the administration oc diethylstilbestrol disulfate and various aromatic acids to adrenalectomized rats results in the induction* of hepatic tyrosine transaminase. The response to diethylstilbestrol disulfate and benzoate appears to be somewhat specific in that two other inducible enzymes and glycogen synthesis were not affectedlo.
In the present study, we have examined the effects in vitro and in vivo, of a variety of anionic steroids and of a number of non-steroid compounds on tyrosine transaminase in an attempt to 'clarify the relation between the ability of compounds to stabilize the enzyme and their ability to induce it.
MATERIALS AND METHODS

Materials
The free steroids, diethylstilbestrol, disodium cortisol 2r-succinate, indole 3-acetic acid, pyridoxal 5-phosphate, intestinal alkaline phosphatase (EC 3.1.3.1), and crystalline preparations of trypsin (EC 3.4.4.4) and chymotrypsin were purchased from the Sigma Chemical Co. Dipotassium estradiol diphosphate, 'ultra-pure' urea, and androst-5-ene-3/I-ol-r7p-oic acid were obtained from Mann Research Laboratories, and deoxypyridoxal phosphate from Calbiochem. Benzoic acid and related compounds were from lots previously describede. The steroid sulfates were prepared by the 454 S. SINGER, M. BIASOK method of MoRREN~~.~. The two steroid mercaptoles, cortisol-zr-(3',3'-dimethylglutarate) (Table I) , and rr,%hydroxyestradiol were gifts from the Upjohn Co. Male albino rats were purchased from Rawley Farms, Plymouth, Michigan and maintained as described earlier", before and after adrenalectomy, except as indicated.
Methods
In studies of the inactivation of tyrosine transaminase in liver homogenates, intact unfasted rats, weighing 150-190 g, were killed and their livers removed, immediately chilled, and homogenized in 12 times (except as indicated) their weight of ice-cold distilled water. The homogenates were centrifuged briefly at 4000 x g. Aliquots of the supematant fluid (9.00 ml) were combined with r.oo-ml aliquots of water and with r.oo-ml aliquots of an aqueous solution (pH 6.9) of the compound to be tested. The mixtures were maintained at the desired temperature and samples (0.80 ml, except as indicated) were assayed at zero time and after the indicated periods of incubation.
Each sample was added to 4.60 ml of reaction mixture (pH 7.6), containing 0.90 ,umole pyridoxal 5-phosphate (or water), 30 pmoles a-ketoglutarate, z5 kmoles sodium diethylthiocarbamate, 25 ,umoles L-tyrosine, and IOO ,umoles sodium phosphate. After incubation at 37' for IO or 15 min, the reaction was stopped by the addition of 0.40 ml of IOO~/~ (w/v) trichloroacetic acid. The reaction mixture was filtered and z.oo-ml aliquots of the filtrate were assayed for fi-hydroxyphenylpyruvate as described previouslyg. Activities are expressed, except as indicated, as the change in absorbance obtained, per 0.8 ml of diluted homogenate, after a r5-min incubation period.
In testing the action of proteolytic enzymes on tyrosine transaminase, a 7-8-fold purified transaminase preparation (the heated and dialyzed fraction of JACOBY AND LADu~~) was incubated with the proteinases and assayed for tyrosine transaminase activity. The preincubation mixture consisted of 0.20 ml of the transaminase preparation (30 mg protein per ml), 0.10 ml of water, and 0.20 ml of 0.30 M sodium phosphate (pH 7.6). The proteolytic reaction was initiated by adding 0.1 ml of a freshly-prepared solution of trypsin or chymotrypsin (z50,ugjml of water) and immersing the mixture in a 38" water bath. After 30 min, the mixture was diluted with 2.00 ml of ice-cold water and r.oo-ml aliquots were assayed for tyrosine transaminase activity as described above. The activity of these aliquots was compared with those obtained by substituting 0.10 ml of water for the proteinase solutions.
For the induction studies, male rats, weighing 140-150 g initially, were adrenalectomized bilaterally and maintained for 3-5 days as described earlierg. 011 the evening before use, food was removed from their cages and, 13-16 h later, saline or the compound to be tested was administered intraperitoneally.
The rats were killed by decapitation, 3.5 or 4.5 h later, and the livers were homogenized in I5 times their weight of ice-cold distilled water. The homogenate was centrifuged briefly at 4ooo X g and the supernatant, 0.50-1.00 ml, was assayed immediately for tyrosine transaminase activity as described above.
RESULTS
Inactivation of tyrosine transaminase ill rat-liver homogenates
Freshly-prepared rat-liver homogenates lost activity rapidly when they were
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Fig. r. The inactivation of tyrosine transaminase in liver homogenates at o0 and 38'. In Expt. A, homogenates containing 8 ml of cold distilled water per g of fresh liver were prepared and immediately placed in an ice-bath. After o, 15, 30, 45, and 60 min, o.so-ml aliquots were assayed for tyrosine transaminase activity (see METHODS) in the presence and absence of 0.17 ,umole pyridoxal 5-phosphate (PLP). Activity is based on a ro-min period of incubation. In Expt. B fresh rat liver was homogenized, preincubated at 38" and assayed (in the presence and absence of PLP) as described in METHODS.
incubated at o0 and then assayed in the absence of pyridoxal5-phosphate (Fig. IA) . When pyridoxal5-phosphate was added to the assay mixtures the initial activity was regained. This indicated that the inactivation was a result of pyridoxal 5-phosphate dissociation. When homogenates were held at 38", on the other hand, the enzyme was rapidly inactivated but could not be restored to the initial level of activity by the addition of pyridoxal 5-phosphate (Fig. IB) . The inactivation at 38" paralleled the dissociation of cofactor, suggesting that it is the apoenzyme that is destroyed. There was no significant change in the pH of the homogenates during the first 45 min of preincubation at 38", so the effect is not complicated by pH changes in the weaklybuffered system. In the preincubation, either water or IO ,umoles KG @us 0.30 pmole PLP in a volume of o. I ml were added at zero time or after I h. Fig. 3 . The effect of a-ketoglutarate on the inactivation and dissociation of tyrosine transaminase at 38". The homogenate was prepared, preincubated at 38" and assayed (in the presence and absence of pyridoxal 5-phosphate (PLP)) as described in METHODS.
a-Ketoglutarate concentrations in the preincubation media are shown on the curves.
Biochim.
Biophys. Acta, 146 (1967) and pyridoxal z-phosphate at zero time prevented the inactivation for I h, after which time the activity decreased slowly (Fig. 2) . When they kvere added after I h, further decline in the enzyme activity was largely prevented.
In other experiments (not shown) the addition of a-ketoglutarate and pyricloxal 5-phosphate every hour from zero time prevented enzyme inactivation for 4 h. These data suggest that the addition of substrate and cofactor results in stabilization and that the stabilization declines as the stabilizers are destroyed. At concentrations of IO-~ M or higher, there appeared to be more protection I h after pyridoxal s-phosphate addition than at 30 min after its addition. This suggests that the coenzyme may act both to protect and, at the higher concentrations, to inhibit the enzyme and that pyridoxal 5-phosphate destruction during the course of the experiment releases the inhibition, permitting a more complete expression of the protection.
LITWACK 
The effect of diethylstilbestrol disulfate on the inactivation of tyrosine transaminase
Diethylstilbestrol disulfate has been shown to retard the dissociation of pyridoxal 5-phosphate from the kynurenine transaminase of rat kidney 4 and to stabilize the apoenzyme against inactivation ~. In the present study, aliquots of fresh liver homogenate were preincubated in the presence and absence of pyridoxal 5-phosphate in buffered mixtures containing tyrosine and varying amounts of diethylstilbestrol disulfate. At a level of 8. lO -5 M, diethylstilbestrol disulfate greatly decreased the rate of pyridoxal 5-phosphate dissociation (Fig. 6A ). Diethylstilbestrol disulfate also retarded pyridoxal 5-phosphate dissociation when added to aqueous homogenates that did not contain other components of the reaction mixture (Fig. 6B) ; it also . The effects of diethylstilbestrol disulfate (SDS) on the inactivation and dissociation of tyrosine transaminase at 38°. In Expt. A, o.5o-ml aliquots of fresh homogenate containing 7 ml of water per g of liver were incubated at 38 ° in 5.1 ml of preincubation mixture containing 25 /*moles of L-tyrosine, o.9o/*mole of pyridoxal 5-phosphate (PLP) (or water), ioo/*moles of sodium phosphate (pH 7.6) and 8. lO .5 M SDS. After various periods of incubation, the reaction was started by the addition of 25/,moles of a-ketoglutarate and 15/,moles of disodium diethyldithiocarbamate in o.5o ml of solution (pH 7.6). In Expt. 13 the homogenate was prepared, preincubated at 380 and assayed (in PLP) as described in METHODS. The concentration of SDS was 4 × 1°-4 M in the preincubation medium.
retarded tile enzyme inactivation. As with a-ketoglutarate (Fig. 3) , the effect on inactivation substantially outlasted the effect on dissociation. In separate experiments (not presented), diethylstilbestrol disulfate was shown to be effective at various concentrations between 2.10 -5 M and 10 -3 M. The stabilizing effect observed at I0 -a M, which was virtually complete during i h of incubation, was accompanied by a marked inhibition of the initial (zero time) activity. A similar association of stabilization and inhibition was noted earlier for kynurenine transaminase2, 4.
The effect of various other compounds on the inactivation of tyrosine transaminase
A large number of compounds were tested at various concentrations in experiments similar to those described for diethylstilbestrol disulfate in Fig. 6B . Representative data are listed in Table I . A rough comparison of the relative effectiveness s. SINGER, ~. MASON   TABLE I   TItE EFFECT OF VARIOUS COMPOUNDS ON THE RATE OF INACTIVATION OF TYROSINE TRANSAMINAS~   IN RAT-LIVER HOMOGENATES AT 380 Abbreviations: dehydroepiandrosterone sulfate, androst-5-ene-i7-one-3fl-yl sulfate; steroid mercaptole I, androst-5-ene-3 /5-ol-i7-one, bis(carboxymethyl)mercapto]e; steroid mercaptole II, 5fl-pregnane-I7a,2I-diol-3,II,2o-trione, 3-bis(carboxymethyl)mercaptole; cortisol hemiesterI, pregn-4-ene-I I/5,17 a-diol-3,2o-dione-2 I-yl (3 ',3 '-dimethylglutarate) ; cortisol hemiester I I, pregn-4-ene-I I /5,17 a-diol-3,2°-dione-2 i-yl succinate.
Compound tested
Cohen * Frozen-thawed homogenate was used instead of fresh homogenate. ** Represents the millimolarity of the compounds in the preincubation mixture. *** The water-insoluble compounds were added to the vessels as ethanolic solutions, evaporated to dryness and resuspended in water.
t Relative inactivation rate is determined as the amount of activity lost during preincubation at 3 8° as compared to the amount lost in the aqueous controls. Initial activity is the activity observed before preincubation. Several free steroids (estradiol-I7fl, Ilfl-hydroxyestradiol, estriol, and cortisol) and diethylstilbestrol were ineffective at saturating levels. Estradiol diphosphate and diethylstilbestrol diphosphate were ineffective at 5" lO-4 M, possibly due to rapid hydrolysis. Two steroid hemi-esters of dicarboxylic acids (cortisol-2I-(3',3'-dimethylglutarate) and cortisol-2I-hemisuccinate) were ineffective at 5" IO 4 M and 5" lO-3 M levels, resFectively. Several amino acids (glycine, alanine, a-aminoisobutyric acid, methionine, and histidine), had little or no retarding actions at lO -2 M levels.
Preliminary studies of the nature of the inactivation process
Earlier experiments by MASON AND GULLEKSON 2 showed that diethylstilbestrol disulfate stabilized kynurenine apotransaminase against inactivation by chymotrypsin. To test the possibility that the conjugates also protect tyrosine transaminase against proteinase action, we examined the effect of trypsin and chymotrypsin on the partially-purified enzyme in the presence and absence of 5"1o-4 M diethylstilbestrol disulfate and estradiol disulfate. Both of these compounds retarded the proteolytic inactivation (Table II) . In experiments similar to that reported by MASON AND GULLEKSON 2, 5" I0 4 M diethylstilbestrol disulfate did not interfere significantly with the digestion of casein by trypsin. We therefore assumed that diethylstilbestrol disulfate inhibited proteolysis by binding the transaminase rather than the proteinase. If, as suggested earlie#, the effective compounds impart stability to the enzyme by stabilizing its tertiary or quaternary structure, they would be expected to render the enzyme more resistant to urea denaturation. As shown in Fig. 7 A, I .I M or 2.2 M urea strongly accelerated the enzyme inactivation that normally occurred slowly at 25 °. Similar effects on a 2oo-fold purified enzyme were previously shown by LITWACK, SEARS-GESSEL AND WINICOU 18. Diethylstilbestrol disulfate (5" lO-4 M) retarded this inactivation (Fig. 7B) . The inactivation was halted but not reversed when diethylstilbestrol disuffate was added 30 rain after the addition of urea. These effects of diethylstilbestrol disulfate are similar to those observed when it is incubated with the homogenates at 380 in the absence of urea. Our data are consistent therefore with the above suggestion that the protection of the enzyme in the homogenates is a result of the stabilization of its tertiary or quaternary structure. Added pyridoxal 5-phosphate retarded the inactivation of tyrosine transaminase in the freshly-prepared homogenates (Fig. 4) and, as reported by LITWACK, SEARS-GESSEL AND WINICOU 13, in the 2oo-fold purified preparation. However, the rate of pyridoxal 5-phosphate dissociation in the homogenates is much more rapid than the rate of inactivation (Fig. IB) , so other stabilizing factors probably play a dominant role in determining the rate of inactivation. The destruction of pyridoxal 5-phosphate in the homogenates by phosphatase action, for example, would be expected to favor dissociation but would not significantly accelerate the inactivation if other factors are rate-limiting. Consistent with this expectation, the addition of Mkaline phosphatase to the homogenates in amounts sufficient to increase the rate of pyridoxal 5-phosphate hydrolysis several-fold did not result in a significantly greater rate of enzyme inactivation. In this connection, it should also be noted that lO -3 M EDTA, an effective inhibitor of phosphatase action, did not alter the rate of inactivation (Table I) .
Other factors that might influence the stability of the enzyme include the concentrations of hydrogen ions and of sulffiydryl compounds and the incubation temperature. Dissociation occurred readily at o ° without appreciable inactivation (Fig. IA) . As expected, the rate of inactivation was greater at 380 than at 23 ° and was still greater at 46°. Diethylstilbestrol disulfate protected against inactivation at all three temperatures. Dissociation without inactivation also occurred when the pH of the homogenates was changed to 6.0 by the addition of dilute HC1. At pH 8.4, the dissociation and inactivation were similar to that observed at pH 6. 9. The presence of IO -~ M mercaptoethanol in homogenates incubated at pH 6. 9 at 380 did not significantly alter the rate of inactivation (Table I) , so the oxidation of enzymic sulthydryl groups does not appear to be important in the inactivation process.
The correlation between the protection in vitro and induction in vivo of tyrosine transaminase
Several of the compounds that protected against inactivation (Table I) The numbers in parentheses represent the number of animals injected with the compound. Two or three saline-injected controls were used in each experiment. Animals that were injected at zero time and 2.5 h were killed at 4.5 h, the others at 3.5 h. Procedure as described in METHODS. benzoate, p-aminobenzoate 9, and 5-hydroxytryptophan 14. Pyridoxal 5-phosphate may also be included if we assume that it is the active inducing agent formed from injected pyridoxine 15.
Compound tested
The suggested correlation between ability to induce and ability to retard inactivation prompted further in vivo tests of compounds which protected in vitro but which either had not been tested as inducers or had been tested and found to be ineffective in adrenalectomized rats. Indole 3-acetate, which had been reported ineffectual 14 was found to induce in our experiments (Table III) . Anthranilate, phydroxybenzoate, and o-diphenate, which were found to be weak inducers in our earlier studies 9, were more effective at higher dosage levels and with longer time intervals (Table III) . The two steroid mercaptoles and androst-5-ene-3/5-ol-I7~-oic acid, which had not been tested before, were found to induce the enzyme at relatively low dosage levels (Table III) . Glycine, methionine, and alanine, did not protect significantly (Table I) . Methionine and alanine have been reported not to induce in intact rats14,1% Glycine was also tested in our in vivo experiments and found to be ineffectual as an inducer (Table III) . Both estradiol-I 7/5 and diethylstilbestrol were weak inducers. Surprisingly, estradiol disulfate, which was at least as effective as diethylstilbestrol disalfate as a stabilizer, did not cause a significant effect when administered in amounts equivalent to the inducing levels of diethylstilbestrol disulfate (Table III) . Large doses of inorganic phosphate, which protected in vitro (Table i) , did not induce (Table III) .
The effect of cortisol administration on the association of the tyrosine transaminase in liver homogenates with pyridoxal 5-phosphate GREENGARD 17 reported that rats injected with cortisone or pyridoxine showed, after I h a large increase in the degree of saturation of tyrosine transaminase in liver homogenates with pyridoxal 5-phosphate. This effect of cortisone appeared to be a manifestation in vivo of the type of stabilization that we had observed in vitro 
ROSINE TRANSAMINASE IN HOMOGENATES FROM INTACT RATS
The per cent saturation is defined as B/A × ioo. Intact rats were injected intraperitoneally with 5 mg of cortisol per 15 ° g rat. At the indicated times, they were killed and their livers were removed and chilled. Aliquots (o.5o or i.oo ml) of whole homogenate (7.00 ml of o.14 M KC~ containing 0.02 M sodium phosphate (pH 7.6) per g of liver) were added to reaction mixture containing pyridoxal 5-phosphate (A) or without pyridoxal 5-phosphate (13) immediately after preparation. The enzyme activity obtained with both aliquots is expressed as the average absorbance change produced in io rain -¢-the standard deviation.
Treatment
Number with diethylstilbestrol disulfate (Fig. 6 ). We found similar but much smaller increases using 5-rag doses of cortisol under presumably equivalent conditions, which included the use of 1:7 homogenates and 0.02 M phosphate buffer (Table IV) . Under these conditions there was a small but statistically significant increase in the per cent saturation in rats that were killed I h after injection as compared with those killed immediately after injection. When the homogenates from these two groups of animals were prepared in distilled water, the initial per cent saturation levels were 80-850/o. During I h in an ice bath, the values for the two groups declined to the same equilibrium level (Fig. 8) . The rate of decline was slower, however, in the homogenates from the I-h animals. In equivalent experiments, 5-and Io-mg doses of cortisone had no significant effect on the rate of dissociation. As reported briefly before *, we also attempted to determine whether homogenates from cortisol-or diethylstilbestrol disulfate-injected rats exhibited a retardation of the inactivation of tyrosine transaminase as compared to controls sacrificed immediately after injection. The data, which is not presented, indicated that homogenates from the treated animals killed 3 h after injection retained a higher percentage of the initial activity during various periods of incubation at 380 . More complete studies with the diethylstilbestrol disulfate-treated animals showed that this apparent retardation paralleled the extent of induction during a I2-h post-injection period. It was not certain, however, that this basis of comparison is valid over the wide range of initial activities occurring during induction. A more definitive test of the accumulation of stabilizing compounds in the liver of the injected rats is under investigation and is described below.
DISCUSSION
The accumulation of an enzyme in vivo must be due either to increased synthesis relative to destruction or decreased destruction relative to synthesis. Tyrosine transaminase is very labile in vivo, exhibiting a half-life of 2-3 h (ref. 18 ) as compared to several days for total hepatic protein Jg. It appears to have a corresponding lability in vitro, since the enzyme in fresh liver homogenates was rapidly inactivated by incubation at 380 (Fig. i) , and is exceptionally unstable in purified form 13. The
Biochim. Biophys. Acta, 146 (1967) [452] [453] [454] [455] [456] [457] [458] [459] [460] [461] [462] [463] [464] [465] [466] observation that a number of compounds that stabilize against inactivation also induce the enzyme suggests that the in vitro and in vivo effects are related.
The effectiveness of the stabilizing agents in vitro (Table I) seems to be related to the presence of anionic groups and to the size of the hydrocarbon moiety. Neutral steroids and diethylstilbestrol were ineffective at saturating levels whereas most of the anionic steroids were highly effective. Monocyclie aromatic carboxylic acids were effective at concentrations near 10 -2 M, bicyclic aromatic acids at about 10-3-2 • I0 -a M, and tetracyclic acids at 5" 10-4-10-5 M. A somewhat similar relation seems to hold also for the induction process; tetracyclic acids were, in general, effective inducers at much lower doses than mono-or bicyclic ones 9 (Table III) . These correlations suggest that the steroid and non-steroid inducers may differ in their potency but not necessarily in their mode of action.
Although rat liver rapidly converts free steroids to anionic derivatives, one must consider the possibility that injected steroid conjugates may undergo hydrolysis prior to their action. It is interesting, in this connection, that the action of diethylstilbestrol on the enzyme level in vivo was much weaker than that found earlier for diethylstilbestrol disulfate 9. That anionic steroids may be active without hydrolysis is also suggested by the observation that a steroid carboxylic acid (androst-5-ene-3/%o1-I7/5-oic acid), which cannot be hydrolyzed to yield a neutral steroid, was also a fairly potent inducing agent (Table III) .
It may be significant that the concentrations of the compounds required for stabilization in vitro is of a similar order of magnitude to the levels that one might find in the livers of the injected rats. For example, I/IO to i/ioo of the 15 mg inducing dose of diethylstilbestrol disulfate 9, uniformly distributed in 6 ml of cellular water in the liver (livers of the I5o-g rats weighed 5.5-6.5 g), would give a concentration of approx. 5" lO-4-5 • lO-5 M. Levels of diethylstilbestrol disulfate in that range were highly protective in vitro (Tables I, II ; Figs. 6, 7) so it is logical to expect that its presence might influence the properties and fate of the enzyme in vivo.
Although a precise correlation of structure and action in vitro with effectiveness in induction cannot be expected in view of the many factors that control the fate of injected compounds, it would seem possible to predict from the effectiveness of a compound as an stabilizer in vitro whether it is likely to be an effective inducer. This was, in fact, the reason that indole 3-acetate was tested (and found to induce (Table III) ) even though it was reported earlier to be ineffective 1.. Similarly, several other compounds were tested as inducers (Table III) (Table I ) and found to behave as predicted.
Among the most effective stabilizers of tyrosine transaminase in vitro are its keto acid substrates (Figs. 2, 3 , and text), the coenzyme (Figs. 2, 4) and various anionic compounds that may be regarded as coenzyme or substrate analogs (Table I) . The suggested specificity might serve as a guide for the selection of stabilizers that are much more effective than any tested thus far. One substrate analog that might be tested, for example, is the steroid a-keto acid, 3,2o-diketo-4-pregnen-2i-oic acid, which is formed from deoxycorticosterone by guinea-pig liver e°. If such compounds were found to be highly effective their potency in vivo could then be tested.
Of the amino acids studied, those giving some protection (5-hydroxytryptophan, glutamate and histidine) are among the ones that have been found to be substrates or inhibitors of the enzymel2, zl. Tryptophan, which is also a substrate TM, was inactive at lO -3 M however; higher concentrations were not tested. The other amino acids tested (glycine, alanine, methionine, and e-aminoisobutyrate) were ineffective at IO -2 M. Phosphate and bicarbonate buffers were effective at that level, presumably as a result of the association of the buffer anions with the enzyme.
The small effects of injected cortisol (Table IV, Fig. 8 ) on the degree of association of pyridoxal 5-phosphate with the hepatic tyrosine transaminase in the homogenates and on the rate of dissociation suggest that the steroid, its metabolites, or non-steroid compounds that may accumulate in the liver as a result of the glucocorticoid injection, may exert stabilizing actions similar to those observed with tile anionic compounds that were added in vitro. This type of experiment is not well suited, however, for further examination of the possible role of enzyme stabilization in the glucocorticoid-mediated induction. A more fruitful approach would be to test extracts of the livers of the glucocorticoid-injected rats for their ability to stabilize a partially-purified tyrosine transaminase preparation. Such extracts of the soluble fraction of rat liver have been reported by FIALA AND LITWAK 22 to contain a large proportion of the hepatic steroid in the form of anionic derivatives.
The study of the tryptophan-mediated induction of hepatic tryptophan oxygenase (EC 1.13.1.12 ) (refs. 23, 24) providess an example of mammalian enzyme induction in which the elevation of enzyme levels appears to be a result of the inhibition of enzyme degradation. L-Tryptophan and those analogs that induced the oxygenase protected it against inactivation in vivo as well as in vitro 24-2s. Further study is required to determine whether stabilization in vitro is related to the induction of tyrosine transaminase in a similar way.
